upper limit value is prefaced by "G" signifying "greater than"; concentrations below the limit of determination are noted by "N" (not detected). If the spectographer detects the presence of an element, but the analytical line is too faint for an accurate estimate of elemental concentration, the elemental values are reported as "L", which denotes that the element is present but in concentrations less than the lower limit of determination.
METHODS OF DATA ANALYSIS
The values obtained from the analyses for each element were plotted on charts and contoured. From these charts, maps were constructed with patterns representing the field between contour intervals. The contour interval for each map was chosen subjectively to show the regional variations. The patterns represent a subjective smoothing to avoid clutter in the areas of high sample density. Only those elements which were detected in more than 50 percent of the samples have been mapped.
For comparative purposes, the shelf was divided into three segments: (1) the northwestern shelf and upper slope west of the Mississippi River Delta and north of lat 28° N., (2) the northeastern shelf and slope east of the Mississippi River Delta and north of lat 28° N., and (3) the south Florida shelf and slope from lat 28° N. to the Florida Keys. Latitude 28° was chosen as the southern limit of the northwestern region to exclude Rio Grande sediments. The sediments in the northwestern shelf are primarily noncarbonate elastics, whereas the sediments in the south Florida area are wholly in a carbonate environment. The northeastern area represents the transition zone between the noncarbonate and carbonate areas. Statistical summarization of the elemental composition of each of the three areas allows chemical comparison and differentiation based on sediment type to be made.
The data were computer summarized by a program which yielded a listing of the data, the maximum and minimum values, a histogram plot, the frequency distribution, and a statistical summary which included the geometric mean and geometric deviation. Before these computations were performed, all G (greater than) values were removed from the data by assigning these values to the next higher geometric class midpoints. This type of manipulation was necessary for calcium, manganese, strontium, and zirconium. Justification for this procedure comes from the analysis of the data and known chemical distributions.
The geometric mean and geometric deviation are antilogs of the arithmetic mean and standard deviation of the logarithms of the analytical values. If samples had elemental concentrations less than the lower limit of detection, the geometric mean and deviations were estimated by a censored-distribution method (Cohen, 1959) . The geometric mean is a more consistent measure of the central tendency of a frequency distribution than the arithmetic mean and thus is an estimate of the typical or most common concentration of an element. The geometric* means and deviations are given in table 2.
The arithmetic means of the analytical data were computed from the estimated geometric means and deviations by using the method described by Miesch (1967) , which is based on the techniques presented by Cohen (1959) and Sichel (1952) . The arithmetic means listed in table 3 are estimates of geochemical abundance (Miesch, 1967) and are directly comparable to the arithmetic means (geochemical averages) reported in the literature (Shacklette and others, 1971) .
Correlation coefficients those statistical parameters which "measure" the reliability of one variable in predicting another were calculated on the logs of the analytical values. The computer program1 used for these calculations ignores data in which one or more values are qualified. Therefore, the correlation coefficient for some element pairs is based on less than the total number of samples. For these pairs, the data are derived from censored distributions and should be considered as an index of association (A. T. Miesch, written commun., 1971) . However, if only a few values are qualified in a large data set, the calculated correlation coefficient may be used for statistical evaluation. The correlation coefficients for the elements in each area are given in table 4.
RESULTS
The results of this investigation are presented in a series of maps depicting regional elemental patterns (pis. 2-4). The data are also summarized in tables 2-4, which list the geometric means and geometric deviations, the arithmetic means, and correlation coefficients.
Of the 30 elements for which analyses were performed, 18 had sufficient concentrations to be detected in more than 50 percent of the samples; these data are shown on plates 2-4. Five of the remaining 12 elements were found in some samples as follows: Beryllium, in 44.5 percent of the samples, ranging from 1 to 10 ppm; molybdenum, in 7.6 percent of the samples, ranging from 5 to 15 ppm; niobium, in 34.7 percent of the samples, ranging from 10 to 30 ppm; tin, in 4.3 percent of the samples, ranging from 10 to 500 ppm; and zinc, in 0.2 percent of the samples, ranging from 300 to 1,500 ppm. The remaining seven elements were looked for in all samples but were not detected. These elements and their lower limit of detection (in parts per million) are as follows: Antimony, 100; arsenic, 200; bismuth, 10; cadmium, 20; gold, 10; silver, 0.5 and tungsten, 50.
DISCUSSION AND CONCLUSIONS
Examination of the maps accompanying this report (pis. 2-4) reveals certain regional variations in the concentrations of the elements. Because of operative bias in the analytical method, mapped patterns 67  146  148  34  147  42  139  23  Ni ____  60  83  84  34  84  40  84  12  Pb ____  32  41  41  26  41  29  41  12  Sc ____  18  20  20  18  20  18  20  12  Sr ____  67  146  148  34  147  42  135  21  Ti ____  67  142  144  34  143  42  139  23  V ____  67  136  138  34  138  42  133  23  Y ____  60  79  80  34  80  41  80  20  Zr ____  67  146  148  34  147  42  139  23 based on a single sample which varies by only one class from neighboring samples may be meaningless. However, individual values that differ by more than two classes from surrounding sample points are considered to be significant. In general, the concentrations of most elements are highest in the silty and clayey sediments on the continental slope off south Texas, on the outer shelf and slope off central Louisiana, and in the lower reaches of the De Soto Canyon. Terrigenous material is presently being deposited in these regions (Curray, 1960; Ludwick, 1964) . In the sediments on the central Texas shelf southeast of Galveston, and on the south Florida shelf, the amounts of trace and minor elements are comparatively low. In the relict sediments of the shelf southeast of Galveston, subaerial weathering during the Pleistocene sea-level fluctuations has depleted the supply of trace and minor elements. Those elements which occur in chemically resistant minerals, however, show a relative enrichment in these sediments. For example, Holmes (1971) demonstrated that the zirconium enrichment in the sediments of this region marks relict strandlines. The calcium, strontium, and magnesium in a few samples from this area represent relict shelly sediments. These sediments are probably lagoonal material deposited at some epoch during the Pleistocene.
On the south Florida shelf, the sediments are predominantly carbonates. These formed primarily from chemical species in sea water which is depleted in trace elements and reflect the chemistry of the sea water. As a result, carbonate sediments are similarly depleted in trace and minor elements with the exception of strontium and magnesium.
Superimposed on these regional patterns are several anomalous elemental concentrations. Iron and manganese are enriched in the sediments on the upper slope south of Galveston and on the central and lower sections of the De Soto Canyon. The vertical concentration patterns of iron and manganese in cores from these areas indicate that both elements have become concentrated at the surface, possibly the result of upward migration of these elements within the sediment column (unpub. data). In the De Soto Canyon region, the surficial sediments also contain greater amounts of barium, cobalt, copper, magnesium, and nickel than the surrounding sediments. Jenne (1968) has pointed out that the chemical complexes of iron and manganese which are free to migrate also act as chemical "sinks" for other elements. This may account for the high concentration of other elements in this region.
Along the upper slope south of Louisiana, the high calcium and strontium content of the sediments reflects the presence of the carbonate banks, for example, the Flower Gardens (Parker and Curray, 1956) . A similar calcium and strontium anomaly on the upper reaches of the De Soto Canyon denotes the carbonate bank present on the rim of the canyon (Ludwick and Walton, 1957) .
Sediment samples taken in the vicinity of bay and river mouths often have a high concentration of trace elements. Directly seaward of Galveston Bay, barium, copper, iron, lanthanum, and lead are relatively high. South of Mobile Bay, barium, copper, iron, lead, scandium, titanium, vanadium, and yttrium are anomalously high. West of the delta of the Mississippi, barium, boron, cobalt, copper, iron, lanthanum, nickel, lead, titanium, vanadium, and yttrium are concentrated relative to the surrounding sediment. Although it is difficult to determine the origin of these trace elements, their disposition suggests that they are deposited almost immediately after entering the marine environment. To determine which elements occur naturally and which are artificially introduced by man will require a more extensive investigation into the chemical nature and the distribution of these elements in the sediments, organisms, and waters of these areas.
On the south Florida shelf, the sediments surrounding the Dry Tortugas show a high content of boron, chromium, nickel, and strontium, attributed to the biologic activity in the region. The mechanisms resulting in these concentrations, however, must await more extensive laboratory and field analysis.
The data summarized in tables 2-4 show both differences and similarities of the regions. The geometric means (table 2) and the arithmetic means  (table 3) show the general decrease in iron, lanthanum, manganese, titanium, vanadium, and zirconium from the terrigenous elastics of the northwestern shelf to the carbonates of the south Florida shelf. Boron, chromium, cobalt, copper, lead, nickel, scandium, and yttrium appear to-be nearly ^qual in both the northwestern and northeastern shelf sediments. Calcium, strontium, and magnesium increase toward the more carbonate sediments of south Florida.
The average compositions for major sedimentary materials (table 3) have been reported by Horn and Adams (1966) and Turekian and Wedepohl (1961) . As the sediments of the shelf are varied in type, regional comparison will yield little information. However, Horn and Adams (1966) modeled the chemical composition of a sedimentary class termed "mobile belt sediments." This class, modeled after the sediments in the North American Gulf of Mexico coastal plain, was defined as consisting of 59 percent shale, 36 percent sandstone, 2 percent carbonate, and 3 percent evaporites. Element-by-element comparison of the average abundances for each region with the element composition of the mobile belt sediments shows that barium, lanthanum, lead, and zirconium are significantly higher than average in the northwestern area. In the northeastern area, only lanthanum, lead, magnesium, manganese, and yttrium have an average abundance greater than the mobile belt sediments. The significance of most of these differences is not clear, but the large concentration of barium in the sediments of the northwestern Gulf may be attributed to the extensive use of barite in drilling mud for oil exploration in the Southwest during the last few decades. Table 4 gives the calculated correlation coefficients. The purpose of this analysis is to quantify and evaluate correlations which may be intuitively apparent, as well as to focus attention on relationships that are not as clearly discernible. Although these relationships are not conclusive, they do yield evidence suggesting certain chemical and mineral relationships. For example, high correlation between iron, vanadium, nickel, chromium, lead, cobalt, manganese, and magnesium in the terrigenous clastic sediments of the northeastern and northwestern Gulf shelf suggests that these elements are associated with clay minerals. This relationship has been suggested by Jenne (1968) and also has been shown to exist in the sediments of the Gulf of Paria, off Venezuela, by Hirst (1962) .
The semiquantitative data on the distribution of minor and trace elements in the sediments on the northern shelf of the Gulf of Mexico have established a geochemical base for further studies. As the data presented in this report were based on the analysis of the bulk sample, no new precise knowledge was obtained concerning the marine chemistry of the metals. The statistical summarization and analyses of the data also do not yield the precise information needed to understand the marine geochemical cycle of the elements. However, the data are sufficiently detailed for future planning for such studies.
